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ELECTRIC RBRREAKDOWN OF MICROGAPS IN A GAS
Engineer A. I. Frolov, Ufa

A knowledge of the mechanism of electric breakdown in microgaps (i.e.,

gaps measuring microns and tens of microns) is essential for the unders

ing of the physical phenomena that occur in the opening contacts of rela

vibrator converters, induction coils, the brush contacts of electrical ma-
chinery, and in sliding contacts in general. Breakdown of this kind

interesting because it is there that surface phenomena on electrodes

play and impart a special character to the behavior of microgaps in ele

fields, The dielectric strength of the microgap is found tc depend not oy

on the composition and density of the medium or on the distance between

electrodes, but to a considerable degree also on the properties of

trode material.

It is assumed in the prevalent opinions regarding microgap breal

[1 and 2] that the gap breaks down in region OB (Fig. 1) at a potenti

than the minimum sparking potential for the given medium, and that slectr

field intensity causing the gap breakdown remains constant. The main

cal processes are field emission, which causes the anode to heat up, and

extraction of the metal by the electrostatic forces, which leads to the
mation of minute metal bridges between the electrodes.

In region BC, an avalanche~like discharge occcurs. For the avalanch

be formed, it is necessary to have a certain minimum distance, or more &o-
curately a minimum number of mean free paths of the elementary particles be-

tween cellisions, and conseqguently discharge between the closest points on

the electrode surfaces is more difficult to effect than discharge

s

more remote points. Thus, in the region BC the discharge follows.

I

favored path.égin {amounting to 6 x 10 cm for air at atmospheric pre

which remains constant within this region. As a result the dischazx

potential remains also constant.
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Fige. 1. The potential needed to restore the contact or create a

spark breakdown as a function of the distance between the

nearest point of the electrode (from .the data of [1 and

ju

Beyond the point gz:é;in’ the distance between the nearest points

the contact surfaces becomes greater than the minimum distance necesss
for the formation of the electron avalanche; in this region the der
of the breakdown potential on the distance should be governed by the cus-

tomary laws,

We used the following procedure to investigate the dielectric-str

characteristiecs of microgaps. Freshly cleaned and thoroughly polished ¢

tacts wmere cpened at a constant speed (within the limits of the inve

gated distances, i.e., on the order of 0.1 mm) by means of a cam meche

Cyelic operation with 8 ~= 10 'close -~ open' cycles per second was

In all the experiments reported below, the contacts moved apart at a

ef 10 cm/sec. The contact pressure in the closed state was 25 == 30

A%t the instant when the contacts started to move apart, a special

ture friggered the driven sweep of an oscilloscope, as well as a g

cuit, which generated, after a specified time delay, a single voltage

in the form of a sinusoidal half-wave with a base 6 -- & sec.
tude of this half-wave could be adjusted between 0 and 1,000 Vi the time of
cccurrence of this half-wave, referred to the instant when the contacts broke,

was also adjustable.




By smoothly increasing the amplitude of the half-wave, it was easy to

-y

observe on the oscilloscope screen the instant when the gap breakdown oo

between the separating contacts. From the known speed it was possible to de-

termine the distance between the nearest points of the contact surface at the
given instant of time, by counting the time markers from the start of con-

tact separation.

The circuitry for the pulse generator, the synchronization of the

-

of contact separation, the triggering of the generator, and the tri

of the driven sweep are shown in Fig. 2.
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Fig. 2. Diagram of test setup.

P -~ moving contact located on a specially shaped spring; N «=-

contacty T =~ plunger; K ~~ specially shaped cam; VO -~ vacuunm

Hec == vrectifier; CRO -~ cathode ray oscillograph: Tr == tre

1) Driven sweep.

The voltage pulse was produced on the contacts by transferring

e

accupulated in the primary winding of the step-up transformer to the secc

circuit at the instant when the output tube was cut off. The pulse dels

relative to the start of contact separation was set with the aid of pot

me ter P while the height of the pulse was regulated by

l‘b

in the transformer primary with the aid of potentiometer P2¢ The durat

(width) of the pulse was regulated by changing the air gap of the trans

and the number of turns in its windings.
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The aforementioned three processes were synchronized mechanically, as

shown in Fig. 2, by using a specially designed vibrator. The pulse

tude was measured by placing a suitably calibrated grid on the oscillos

SCreeil.

Fig. 3 shows the waveform of the pulse on the contacts prior to

the instant of gap breakdown.
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;-
0
é)
Fig. 3. Waveform of contact voltage pulse. The point O correspo Lo
the start of contact separation.
a) prior to breakdown; b) at the instant of breakdown.
The me thod employed eliminated the flow of current at the instant cf cone

tact separation, and consequently the formation of metallic bridges, wmic

arcs, and the accompanying damage to the polish of the contact surface.

The characteristics of the dielectric strength of the microgaps we

determined for contact pairs made of the following metals: nickel, silver,

an alloy of 75% platinum and 25% iridium, iron, aluminum, and copper.

insulating medium was in all cases atmospheric air at pressures ran

5 mm. Hg. to normal. The results of the experiments are illustrated

L and 5.

If we start from the theory of avalanche breakdown in the regicon BC

1}, it is obvious that the position of the point C should be determined by

the Paschen law, i.e., the point C should shift with decreasing pressure to

the right, towards the larger values of the distance (the product pih

T mAn

should remain constant).




However, the microgap dielectric-strength characteristics which we

plotted do not confirm this fully natural conseguence of the foregeoing

gap breakdown theory. The position of the point C devends very little on the

pressure of the surrounding medium, and with decreasing pressure this point

shifts towards smaller é: Furthermore, the position of the point ¢ {the
point of inflection of the dielectric-strength curve where the horizontal

portion begins to rise) is a characteristic of the contact-pair material:

the wvalue of 5§in amounts in this case to (b ~= 15) x lO“br cm at norw
pheric pressure {(silver and ircn give the lowest and highest values, respec~
tively). There is no sharp transition whatever between the regions OB and

BC, nor is the breakdown voltage strictly constant in region BC (one is more

likely to note a tendency towards a more or less smooth rise of the breaks

down potential in the region BC).
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Fig. 4. Devendence of the breakdown voltage on the distance between the

nearest points of the electrodes, €§® under normal atmosphs

pressure.
1 == silver; 2 -~ platinum~iridium-25 alloy; 3 —~- copper;
b ww zluminum; $ -~ nickel; 6 -- ircn.

The dependence of the breakdown potential on the distance (Fig.

the region OBC is more reminescent of the potential distribution in
drop region of a glow discharge, since the approximate condition L357,

v

i -
UB = EBMHH - ﬁ/ﬂm{ o I'ﬁ_ﬂj L)




holds true in approximately all cases.,
Here UE corresponds to the normal cathode potential drop in the glow
discharge;
gﬁin -= length of the region of the gleow-discharge cathode drop;
EO - field intensity at the cathode surface. The corresponding valiues

are listed in the table.

Relation (1) is equivalent to assuming the presence of a resultant posi-

tive space charge of more or less constant density near the cathode at the

instant immediately preceding the breakdown. Integrating the Polisson eg

dE __ R
= 4mp (p const)‘ ;

under the following initial conditions
6:0; E:Eo; Ux(),

we obtain

E=E,— 4mpb (3,
and
: ~ o
C/==l%6~»4np%rus‘ B
Characteristics of the dielectric strength of microgaps at normal
atmospherilc pressure.
Field intensity at ; Distance to a Breakdown
Contact material the cathode sur- point of potential
face, B, = V/cm inflection, UB at the
£ . cm .
min, point .

‘gming

volts
. 6 . 4
Silver 1.8 « 10 6 - 10 Lzg
Platinum-iridium 0.90 - 106 6.5 » 10"& %80
Copper 0.80 + 10° 8.5 - 1@”4 415
sluminum 0.53 » 10° 11.5 + 107 370
Nickel 0,77 * 10° 12+ 107" 370
Iron 0.5% » 10° 15 - 107" 4 koo




Assuming that when 5: ég .
min

we have @’E’(f: Eo/gmin:

2 70 muyt EMEH =

T

We can thus assume that the microgap is apprecilably ionized at the

prior to the discharge; in this case the resultant effect of the exter

and of the space-charge field leads to the creation of an approximately

stant field intensity at the cathode ( with a value different for each e

trode material).

But it follows in such a case that the microgap breakdown in the

OBC (Fig. 1) is connected with the further increase in ionization due to t

sharp increase in the emission efficiency when the resultant electric

at the cathode surface reaches a value cn the order of 106 V/cm.

of intensity, together with the fact that the breakdown voltage does not

the Paschen law, indicates that the basic process causing the electrous to

leave is field emission; this is in contrast with glow discharge, where

main process on the cathode is secondary electron emission produced by

dependent on the mean free path of the particles, i.e., connected with the

product p &),
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Fig. 5. Dependence of the breakdown potential on the distance bet

the nearest poinits of the electrodes, dg , for nickel electrodes.

pressure: 1 -= 10, 2 == 60, 3 == 140, 4 == 300, 6 == 450, & -~ 760 mu
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The ionization build~up, which begins after the electric field procy

by the applied potential and by the intensified space charge reaches

values given above, occurs in avalanche fashion, so that conditions are

sufficient for a complete discharge of the energy accumulated in the

electrode capacitance and in the wiring capacitance.

A factor contributing to the pre-discharge ionization is the same
emission; as an electron source,

the Tield emission comes inte pl

ay at a
field intensity on the order of 300,000 V/cm and brings about the n
course of the process L[&4].

T

The breakdown-potential characteristics shift to the left and

with decreasing pressure because the ionization efficiency decreases, wh

upon the region BC becomes shorter and even disappears completely.

As regards the behavior of the micreogaps in the region beyond

the
Cy 1t seems tc us that in this regilon the accumulation of space ch
plays a definite role.

<

Comparing the behavior of the breakdown potemtial for electrod

S

of different materials (¥Fig. %) and leaving aside such technical chars

¢s as the corrosicn and erosion resistance,

the tendency towards arc
tion, etc., we can understand why silver,

the platinum-iridium alley, an
platinum are the preferred material for low and medium-power conta

cts

Lo bowm
Ahs follows from the curves presented, switching over-voliages

-

‘ coourring
after the circuit is broken have a considerably lower probability of

ing a spark-gap breakdown between fthe separating contacts,.
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